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Component	 Item	#	 Material	 Measurements	 Purpose	
Low	Tunnel	Hoop	 BROCH28-TUNNEL	 galvanized	steel	 0.7	m	wide	x	1.0	m	high	
(28”x	39.5”)	
Create	low	tunnel	frame	





Bungee	Elastic	 ELAS316x8NB	 polyester	 2.4	m	long	(8’)	loop	 Affix	plastic	to	the	low	
tunnel	frame	





Figure	 1.5.	 Low	 tunnel	 components	 used	 in	 2016	 and	 2017	 experiments.	 From	 left	 to	 right:	 low	 tunnel	hoop,	
anchor	pipe,	bungee	elastic,	and	grounding	stake.	
	


























































































Table	1.3.	Nutrient	 status	of	 strawberry	plants	at	monthly	 intervals	during	 the	2016	and	2017	growing	 seasons.	
Values	were	obtained	 from	a	20-leaf	 sample	 collected	 from	plants	on	black	plastic	mulch	without	a	 low	 tunnel.	





























(N)	 2.1-2.9%	 2.61	 2.15	 2.33	 2.26	 2.38	 1.99	 2.06	 2.32	 2.42	
Phosphorus	
(P)	 0.25-0.3%	 0.26	 0.28	 0.26	 0.31	 0.21	 0.28	 0.27	 0.26	 0.30	
Potassium	
(K)	 1.2-2.5%	 1.82	 1.84	 1.88	 1.83	 1.37	 1.71	 1.79	 1.89	 2.05	
Calcium	
(Ca)	 0.6-1.7%	 0.92	 0.65	 0.69	 0.51	 0.66	 0.55	 0.77	 0.58	 0.57	
Magnesium	
(Mg)	




ppm	 75.47	 95.00	 93.00	 70.49	 64.00	 89.00	 113.00	 96.00	 95.00	
Iron	(Fe)	 50-250	ppm	 122.95	 179.0	 126.00	 144.37	 79.00	 83.00	 91.00	 111.00	 71.00	
Copper	(Cu)	 5-20	ppm	 3.30	 4.0	 5.00	 4.58	 3.00	 4.00	 4.00	 5.00	 5.00	
Boron	(B)	 20-70	ppm	 32.69	 34.0	 28.00	 19.61	 17.00	 31.00	 29.00	 25.00	 25.00	
Aluminum	
(Al)	 -	 94.06	 123.0	 67.00	 82.94	 29.00	 27.00	 13.00	 17.00	 14.00	
Zinc	(Zn)	 15-50	ppm	 15.99	 21.00	 17.00	 20.51	 18.00	 18.00	 18.00	 15.00	 18.00	
Sodium	
(Na)	 -	 11.06	 5.00	 10.00	 10.95	 14.00	 8.00	 5.00	 5.00	 9.00	





























































































































































































































Figure	 1.9.	 Monthly	 maximum,	 average,	 and	 minimum	 air	 temperatures	 for	 all	 mulch	 and	 cover	
treatment	combinations	in	2016	and	2017	in	Durham,	New	Hampshire.	A	=	2016	monthly	maximum,	B	=	
2016	monthly	 average;	 C	 =	 2016	monthly	minimum;	 D	 =	 2017	monthly	maximum;	 E	 =	 2017	monthly	
average;	 F	 =	 2017	monthly	minimum	 temperatures.	 Red	 vertical	 lines	 indicate	 the	 month	 low	 tunnel	
sides	were	permanently	closed	for	the	remainder	of	the	fall.	May	temperatures	are	for	the	period	of	May	
20-31,	2016	and	May	1-31,	2017.	November	temperatures	are	for	1-19	Nov.	in	both	years.	Temperatures	







Figure	 1.10.	 Air	 temperature	 collected	 at	 plant	 height	 on	 black	 and	 white-on-black	 plastic	 mulch	 in	
combination	 with	 all	 commercially	 available	 cover	 treatments	 during	 a	 five-day	 period	 in	 August	 and	
November.	A	(2016)	and	B	(2017)	show	air	temperatures	from	7-11	August,	when	low	tunnel	sides	were	
raised	 (ventilated)	 and	 provided	 overhead	 protection.	 C	 (2016)	 and	 D	 (2017)	 show	 late	 season	 air	















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure	 1.12.	 Weekly	 production	 (g/plant)	 of	 the	 day-neutral	 cultivar	 ‘Albion’	 during	 2016	 and	 2017	
under	multiple	 cover	 treatments.	Graphs	provided	 to	 illustrate	 the	production	pattern	of	 the	 cultivar	
between	 years,	 not	 to	 indicate	 significant	 differences	 among	 cover	 treatments.	 No	 LT	 =	 no	 low	










































































































































































































































Treatmentz	 Both	Years	Analyzed	Together	(2016	&	2017)	 2016	 2017	
MARKETABLE	YIELD	(g/plant)	
Year	 	 	 	
			2016	 360.1	 by	 	 	
			2017	 483.3	 a	 	 	
Mulch	 	 	 	 	
			Black	 449.3	 a	 370.7	 	 532.9	 a	
			White-on-black	 435.7	 a	 376.4	 	 492.7	 a	
			No	mulch	 380.0	 b	 328.0	 	 432.7	 b	
Cover	 	 	 	 	
			No	LT	 403.1	 	 354.1		 ab	 447.2	 	
			KL+	 450.8	 	 355.7	 ab	 546.2	 	
			TIV	 400.1	 	 322.7	 b	 477.5	 	
			UV-O	 427.0	 	 369.7	 ab	 484.3	 	
			UV-T	 427.3	 	 389.5	 a	 461.2	 	
			1.5	milx	 	 	 	 	 500.2	 	
Significancew	 	 	 	
			Mulch				 **	 NS	 **	
			Cover	 NS	 *	 NS	
			Mulch	´	Cover	 NS	 NS	 NS	
			Year	 ***	 	 	
			Mulch	´	Year		 NS	 	 	
			Cover	´	Year	 NS	 	 	
			M	´	C	´	Y	 NS	 	 	
UNMARKETABLE	YIELD	(g/plant)	
Year	 	 	 	
			2016	 89.2	 b	 	 	
			2017	 109.0	 a	 	 	
Mulch	 	 	 	
			Black	 103.2	 	 90.2	 	 110.5	 	
			White-on-black	 93.4	 	 87.6	 	 94.5	 	
			No	mulch	 100.7	 	 88.3	 	 106.4	 	
Cover	 	 	 	 	
			No	LT	 156.7	 a	 146.1	 a	 166.7	 a	
			KL+	 84.6	 b	 64.6	 b	 104.0	 b	
			TIV	 80.7	 b	 72.4	 b	 88.9	 b	
			UV-O	 83.6	 b	 75.1	 b	 92.1	 b	
			UV-T	 90.0	 b	 85.2	 b	 93.4	 b	
			1.5	mil	 	 	 	 	 77.8	 b	
Significance	 	 	 	 	













zBlack	 and	white-on-black	 are	 1.25	mil	 plastic	mulch.	 No	 LT	 =	 no	 low	 tunnel/open	 beds;	 KL+	 =	 KoolLite	 Plus	 (6	mil);	 TIV	 =	














Figure	 1.15.	 Effects	 of	 cover	 treatment	 on	 the	 percent	 marketable	 yield	 in	 the	 2016	 and	 2017	
growing	 seasons.	No	LT	=	no	 low	tunnel/open	beds;	KL+	=	KoolLite	Plus	 (6	mil);	 TIV	=	Tufflite	 IV	 (6	
mil);	 UV-O	 =	 Lumivar	 (6	 mil);	 UV-T	 =	 Lumisol	 (6	 mil);	 1.5	 mil	 =	 1.5	 mil	 transparent	 cover	 with	






































































































Treatmentz	 June	 July	 August	 September	 October	 November	
2016	
Mulch	 	 	 	 	 	 	
			Black	 -	 	 50.6	 	 105.0	 	 134.1	 a	 69.4	 	 13.0	 	
			White-on-black	 -	 	 42.2	 	 109.2	 	 134.8	 a	 61.1	 	 11.9	 	
			No	mulch	 -	 	 43.7	 	 102.8	 	 97.2	 b	 71.2	 	 13.2	 	
Cover	 	 	 	 	 	 	 	
			No	LT	 -	 	 38.2		 by	 122.5	 a	 120.5	 	 59.3	 ab	 4.3	 b	
			KL+	 -	 	 43.7	 ab	 101.9	 ab	 116.4	 	 70.9	 ab	 14.2	 ab	
			TIV	 -	 	 47.0	 ab	 95.0	 b	 114.6	 	 55.0	 b	 11.1	 ab	
			UV-O	 -	 	 52.2	 a	 106.4	 ab	 129.3	 	 66.7	 ab	 15.3	 ab	
			UV-T	 -	 	 45.4	 ab	 102.6	 ab	 129.4	 	 84.4	 a	 18.5	 a	
2017	
Mulch	 	 	 	 	 	 	
			Black	 0.5	 	 45.4	 	 191.7	 	 188.3	 a	 90.7	 a	 16.3	 a	
			White-on-black	 0.4	 	 36.7	 	 173.7	 	 183.6	 a	 83.7	 a	 14.6	 a	
			No	mulch	 0.8	 	 37.9	 	 183.0	 	 145.1	 b	 59.1	 b	 6.7	 b	
Cover	 	 	 	 	 	 	
			No	LT	 0.3	 	 35.7	 	 165.9	 b	 178.2	 	 65.0	 b	 2.1	 b	
			KL+	 0.3	 	 41.2	 	 214.9	 a	 195.9	 	 80.1	 ab	 13.8	 a	
			TIV	 0.9	 	 46.4	 	 175.4	 ab	 158.1	 	 81.2	 ab	 15.4	 a	
			UV-O	 0.5	 	 41.8	 	 186.7	 ab	 171.9	 	 73.2	 ab	 10.1	 a	
			UV-T	 1.2	 	 39.3	 	 168.9	 b	 154.4	 	 80.8	 ab	 16.7	 a	



































































































Figure	 1.16.	 Effect	 of	 cover	 treatment	 on	 weekly	 yield	 (g/plant)	 and	 percent	 marketable	 and	
unmarketable	yield	during	 the	 last	 five	weeks	of	 the	2017	 season.	Within	a	given	week	 (column),	




















uncovered	 plants	 (left),	 and	 plants	 covered	 by	 a	 low	 tunnel	
(right).	
	




























































































































































































			Black	 10.8	 	 6.1	 aw	
			White-on-black	 11.4	 	 4.1	 b	
			No	mulch	 11.8	 	 4.4	 b	
Cover	 	 	
			No	LT	 11.7	 	 6.9	 a	
			KL+	 11.5	 	 4.1	 b	
			TIV	 10.9	 	 3.9	 b	
			UV-O	 11.6	 	 4.6	 b	







			Black	 14.4	 bu	 6.1	 a	
			White-on-black	 15.4	 ab	 4.5	 b	
			No	mulch	 16.0	 a	 3.3	 b	
Cover	 	 	
			No	LT	 14.1	 b	 5.1	 	
			KL+	 16.1	 a	 5.1	 	
			TIV	 15.1	 ab	 4.1	 	
			UV-O	 15.6	 a	 4.3	 	
			UV-T	 15.4	 a	 4.3	 	





zBlack	 and	white-on-black	 are	 1.25	mil	 plastic	mulch.	 No	 LT	 =	 no	 low	
tunnel/open	beds;	 KL+	=	KoolLite	 Plus	 (6	mil);	TIV	 =	Tufflite	 IV	 (6	mil);	

















































Figure	1.22.	 Total	number	 runners	produced	per	plant	by	 the	 cultivar	 ‘Albion’	 for	all	mulch	and	 cover	
treatment	 combinations	 in	 2016	 and	 2017	 in	 Durham,	 New	 Hampshire.	 A	 significant	 mulch	 ´	 cover	
interaction	occurred	only	 in	2016.	Black	and	white-on-black	are	1.25	mil	plastic	mulch.	No	LT	=	no	 low	































































































































































Mulch	 	 	 	
			Black	 9.6	 	 9.2	 	
			White-on-black	 9.8	 	 9.3	 	
			No	mulch	 9.6	 	 9.2	 	
Cover	 	 	 	
			No	LT	 9.6	 abz	 9.1	 	
			KL+	 9.9	 a	 9.2	 	
			TIV	 9.9	 ab	 9.5	 	
			UV-O	 9.4	 b	 9.2	 	
			UV-T	 9.5	 ab	 9.2	 	
			1.5	mil	 	 	 9.4	 	
Harvest	Date	 	 	 	
			10	Aug.	2016	 8.8	 c	 	 	
			24	Aug.	2016	 10.0	 a	 	 	
			2	Sept.	2016	 10.1	 a	 	 	
			9	Sept.	2016	 9.4	 b	 	 	
			16	Sept.	2016	 9.4	 b	 	 	
			30	Sept.	2016	 10.3	 a	 	 	
			1	Aug.	2017	 	 	 9.6	 ab	
			11	Aug.	2017	 	 	 9.5	 b	
			1	Sept.	2017	 	 	 9.7	 ab	
			27	Sept.	2017	 	 	 7.8	 d	
			23	Oct.	2017	 	 	 10.1	 a	
			8	Nov	2017	 	 	 9.0	 c	







zMeans	 followed	 by	 the	 same	 letter	 within	
treatment	and	year	are	not	different	by	Tukey’s	
HSD	test	at	P	≤	0.05.	
yNS	=	not	significant;	*P	 =	 <	0.05;	 **P	 =	 <	0.01;	
***P	=	<	0.0001.	
	
Table	 1.7.	 Effects	 of	 mulch,	 cover,	 and	
harvest	date	on	soluble	solids	content	(SSC)	
















































(A)	 and	 2017	 (B)	 growing	 season	 on	 the	 day-neutral	 cultivar	 ‘Albion’.	 Vigor	 rating	 is	 based	 on	 the	
qualitative	scale	defined	in	the	methods	section,	where	1	=	least	and	5	=	most	vigorous.	Black	and	white	
mulches	are	1.25	mil	plastic	mulch.	Within	month	(column),	mulches	sharing	letters	are	not	significantly	






























Mulch	 	 	 	
			Black	 15.6	 az	 33.9	 a	
			White-on-black	 13.9	 ab	 30.6	 ab	
			No	mulch	 13.0	 b	 29.6	 b	
Cover	 	 	 	
			No	LT	 14.1	 	 28.7	 b	
			KL+	 14.7	 	 31.6	 ab	
			TIV	 14.4	 	 32.9	 a	
			UV-O	 14.1	 	 31.9	 ab	
			UV-T	 14.4	 	 31.9	 ab	
			1.5	mil	 13.4	 	 31.4	 ab	







zMeans	 followed	 by	 the	 same	 letter	 within	 treatment	 and	
year	are	not	different	by	Tukey’s	HSD	test	at	P	≤	0.05.	












cm	 (Y-axis).	Average	plant	diameter	 is	 shown	within	 circles.	 *Indicates	 treatments	had	
significantly	greater	plant	diameters	(P	≤	0.05)	than	no	mulch	/	no	low	tunnel	treatment.	
Black	and	white-on-black	are	1.25	mil	plastic	mulch.	No	LT	=	no	 low	tunnel/open	beds;	











































































No	LT KL+			 				 			 				 				 			TIV					 			 				 				 				UV-O					 				 			 				 			UV-T					 				 				 			 	1.5	mil
	 58	
	




































































































































































































































































































































Cultivar	 Plant	Source	 Inventor	&	Release	Yearz	 Pedigreey	
‘Albion’	(A)	 Nourse	Farms,	Deerfield,	MA	 Univ.	of	California,	2006	 Diamante	x	Cal	94.16-1	
‘Aromas’	(AR)	 US	Berry	Plants,	Oak	Harbor,	WA	 Univ.	of	California,	1998	 Cal	87.112-6	x	Cal	88.270-1	
‘Monterey’	(M)	 Nourse	Farms,	Deerfield,	MA	 Univ.	of	California,	2009	 Albion	x	Cal	97.85-6	















Seascape Monterey Potola Portola San	Andreas Albion Aromas San	Andreas
Portola Seascape Aromas Seascape Albion San	Andreas Monterey Seascape
Monterey Aromas Monterey San	Andreas Seascape Monterey Seascape Portola
Aromas Potola San	Andreas Albion Aromas Seascape Albion Monterey
San	Andreas San	Andreas Albion Aromas Monterey Portola Potola Albion
Albion Albion Seascape Monterey Potola Aromas San	Andreas Aromas



























































































































Cover	 	 	 	
			Low	Tunnel	 307.5	 	 86.1	 b	 9,930	(8,859)	
			Open	Beds	 340.8	 	 147.8	 a	 11,005	(9,818)	
Cultivar	 	 	 	
			‘Albion’	 389.1	 az	 92.1	 c	 	12,565	(11,210)	
			‘Aromas’	 355.0	 abc	 125.7	 b	 	11,464	(10,228)	
			‘Monterey’	 371.3	 ab	 126.5	 b	 	11,990	(10,697)	
			‘Portola’	 254.8	 d	 110.8	 bc	 	8,228	(7,341)	
			‘San	Andreas’	 289.4	 bcd	 86.4	 c	 	9,346	(8,338)	
			‘Seascape’	 285.3	 cd	 160.1	 a	 	9,213	(8,220)	
Significance	 	 	 	
			Cover				 0.3	 0.02	 	
			Cultivar	 <0.0001	 <0.0001	 	

































































































































































































































































az	 a	 a	 b	 ab	
	 	
a	 ab	 a	 a	 a	 a	 b	 bc	 bc	 bc	 ab	 ab	
‘Aromas’ ab	 bc	 ab	 b	 bc	 c	 c	 c	 b	 c	 a	 a	 a	 a	 a	 a	 ab	
‘Monterey’ b	 c	 b	 c	 bc	 ab	 a	 ab	 a	 a	 a	 b	 b	 a	 b	 ab	 ab	
‘Portola’ a	 bc	 ab	 b	 bc	 abc	 bc	 abc	 b	 bc	 b	 c	 bc	 bc	 bc	 ab	 ab	
‘San 
Andreas’ ab	 ab	 ab	 c	 c	 bc	 c	 bc	 b	 ab	 a	 b	 bc	 ab	 b	 ab	 a	


















Albion Aromas Monterey Portola San	Andreas Seascape
























































































Cover	 	 	 	 	
			Low	Tunnel	 12.3	 	 5.2	 b	 25.7	 	 16.9	 	
			Open	Beds	 12.8	 	 6.7	 a	 27.2	 	 21.3	 	
Cultivar	 	 	 	 	
			‘Albion’	 13.1	 az	 6.1	 ab	 30.9	 a	 13.8	 cd	
			‘Aromas’	 12.9	 a	 5.9	 bc	 27.7	 ab	 19.0	 b	
			‘Monterey’	 13.5	 a	 6.3	 ab	 29.4	 a	 18.5	 bc	
			‘Portola’	 11.2	 b	 5.4	 cd	 22.4	 b	 18.9	 b	
			‘San	Andreas’	 13.9	 a	 6.9	 a	 21.3	 b	 12.3	 d	
			‘Seascape’	 10.8	 b	 5.1	 d	 26.9	 ab	 31.9	 a	
Significance	 	 	 	 	
			Cover				 0.1	 0.0001	 0.6	 0.2	
			Cultivar	 <0.0001	 <0.0001	 0.0005	 <0.0001	






































































































































































































































Figure	 2.14.	 Top:	 difference	 in	 runner	
production	 among	 cultivars	 on	 23	 June	
2017.	From	top	left	cultivars	are	as	follows:	
‘Albion’,	 ‘Aromas’,	 ‘Monterey’,	 ‘Portola’,	
‘San	 Andreas’,	 and	 ‘Seascape’.	 Bottom	






Figure	2.15.	Average	number	of	 runners	 initiated	per	plant	from	June	through	October	for	all	 cultivars	
and	 cover	 treatments.	 The	 number	 of	 runners	 per	 plant	 were	 calculated	 by	 dividing	 the	 number	 of	









































































Albion	LT Albion	No	LT Aromas	LT Aromas	No	LT
Monterey	LT Monterey	No	LT Portola	LT Portola	No	LT
San	Andreas	LT San	Andreas	No	LT Seascape	LT Seascape	No	LT
































Treatment	 1	Aug.	 25	Aug.	 29	Sept.	 6	Oct.	 23	Oct.	 8	Nov.	
Cover	 	 	 	 	 	 	
			Low	Tunnel	 10.9	 	 9.4	 	 8.5	 a	 11.2	 a	 10.6	 	 10.0	 	
			Open	Bed	 10.6	 	 8.6	 	 7.3	 b	 9.7	 b	 9.5	 	 10.4	 	
Cultivar	 	 	 	 	 	 	
			‘Albion’	 11.8	 abz	 8.9	 ab	 8.5	 a	 11.2	 ab	 11.1	 a	 11.4	 ab	
			‘Aromas’	 10.1	 c	 8.0	 b	 6.8	 b	 9.6	 cd	 9.1	 ab	 8.7	 c	
			‘Monterey’	 12.0	 a	 10.2	 a	 8.2	 ab	 11.7	 a	 10.9	 a	 10.6	 ab	
			‘Portola’	 9.0	 d	 7.8	 b	 7.4	 ab	 8.9	 d	 8.1	 c	 8.1	 c	
			‘San	Andreas’	 10.9	 bc	 9.0	 ab	 8.3	 a	 10.3	 bc	 9.8	 b	 9.9	 bc	
			‘Seascape’	 10.3	 c	 10.1	 a	 8.4	 a	 11.0	 ab	 11.4	 a	 12.6	 a	
Significance	 	 	 	 	 	 	
			Cover				 0.2816	 0.0518	 0.0144	 0.0358	 0.1004	 0.3367	
			Cultivar	 <0.0001	 0.0011	 0.0041	 <0.0001	 <0.0001	 <0.0001	
			Cover	´	Cultivar	 0.1762	 0.9110	 0.9063	 0.1910	 0.0007	 0.3289	
Table	 2.5.	 Effects	 of	 cover,	 cultivar,	 and	 date	 on	 berry	 soluble	 solid	 content	 (°Brix).	
Average	 soluble	 solids	 content	 value	 obtained	 from	 a	 10-fruit	 sample	 (or	 available	
quantity)	from	each	experimental	unit	at	each	date.	Fruit	sap	was	extracted	from	a	fresh	

































































































Each	 circular	point	 is	 the	average	 soluble	 solid	 content	and	average	7-day	air	 temperature	at	


























































Cover	 	 	 	 	 	
			Low	Tunnel	 17.3	 bw	 15.2	 b	 30.4	 	 31.9	 b	 3.2	 	
			Open	Bed	 21.6	 a	 18.4	 a	 32.6	 	 36.5	 a	 3.6	 	
Cultivar	 	 	 	 	 	
			Albion	 17.9	 cd	 15.2	 bcd	 30.8	 b	 34.2	 ab	 3.2	 b	
			‘Aromas’	 24.4	 a	 23.9	 a	 37.4	 a	 37.5	 a	 4.8	 a	
			‘Monterey’	 22.2	 b	 17.6	 b	 32.3	 b	 35.9	 ab	 3.5	 b	
			‘Portola’	 16.4	 d	 12.9	 d	 25.5	 c	 29.9	 c	 1.9	 c	
			‘San	Andreas’	 19.0	 c	 16.6	 bc	 30.8	 b	 35.3	 ab	 3.5	 b	
			‘Seascape’	 16.8	 d	 14.4	 cd	 32.3	 b	 32.3	 bc	 3.5	 b	
Significance	 	 	 	 	 	
			Cover				 0.006	 0.005	 0.08	 0.04	 0.1	
			Cultivar	 <0.0001	 <0.0001	 <0.0001	 <0.0001	 <0.0001	
			Cover	´	Cultivar	 0.08	 0.3	 0.02	 0.3	 0.2	
Table	 2.6.	 Effects	 of	 cover	 and	 cultivar	 treatments	 on	 plant	 height	 and	 diameter	 in	

















































































































































































Figure	 2.25.	 Star	 plots	 illustrating	 the	 relative	 differences	 of	 five	 important	 quantitative	 variables	 relating	 to	
production,	 fruit	 quality,	 and	 management	 of	 strawberry.	 Each	 spoke	 represents	 a	 different	 variable,	 labeled	






























































































































































































































































Mulch	&	Irrigation	 $700	 $2,000	 $524	 	 $562	
Fertilizer	&	Pest	Mgt.	 $1,155	 $180	 $1,050	 	 $1,100	
Plants	 $2,600	 $2,420	 $1,815	 	 $2,160	
Tractor/Fuel	 $75	 	 $254	 $102	 $200	
Other	Materials	 	 	 	 $6,032	 	
Labor	 $10,490	 $6,750	 $7,000	 $3,581	 $7,000	
Containers	 	 $3,650	 $726	 	 $2,300	
Misc.	 $215	 	 	 	 	





wCosts	associated	with	experiments	conducted	 in	 this	 thesis.	Material	 costs	at	 the	 time	of	 calculation	were:	$145/6,000’	 roll	























Open	Field	Avg.y	 8,886	 8,015	 15,159	 12,937	 17,250	
Low	Tunnel	Avg.	 27,878	 20,386	 18,644	 13,591	 18,121	
Difference	 +18,992	 +12,371	 +3,485	 +653	 +871	
xThis	shaded	column	is	projected	yield	assuming	yield	does	not	decline	at	a	higher	plant	density.			
yAverage	values	for	Maryland,	New	York,	and	Minnesota	are	for	the	cultivars	‘Seascape’,	 ‘San	Andreas’,	 ‘Portola’,	 ‘Monterey’,	
and	Albion.	Maryland	averages	also	 include	Diamante,	B1540RB,	and	B1082RB.	UNH	averages	 for	Albion	only.	Maryland	and	





































































$2.90/lb	 $55,077	 $35,876	 $10,107	 $1,894	 $2,526	
$4.50/lb	 $85,464	 $55,670	 $15,683	 $2,939	 $3,920	
	 	 	 	 	 	
Net	revenue	after	low	tunnel	purchasey	
$2.90/lb	 $32,540	 $13,339	 ($12,430)x	 ($20,643)	 ($20,011)	
$4.50/lb	 $62,927	 $33,133	 ($6,854)	 ($19,598)	 ($18,617)	
	 	 	 	 	 	
No.	growing	season	to	cover	the	cost	of	low	tunnels	
$2.90/lb	 1	 1	 2.2	 11.9	 8.9	
























































































lbs/acre	 8,886	 27,878	 8,015	 20,386	 15,159	 18,644	 12,937	 13,591	 17,250	 18,121	
(A) Gross	Sales	Revenue	
$2.90/lb	 $25,769	 $80,846	 $23,244	 $59,119	 $43,961	 $54,068	 $37,517	 $39,414	 $50,025	 $52,550	
$4.50/lb	 $39,987	 $125,451	 $36,068	 $91,737	 $68,216	 $83,898	 $58,216	 $61,160	 $77,625	 $81,545	
(B) Net	Revenue	(year	of	low	tunnel	purchase)y	
$2.90/lb	 $10,769	 $43,309	 $8,244	 $21,582	 $28,961	 $16,531	 $22,517	 $1,877	 $35,025	 $15,013	
$4.50/lb	 $24,987	 $87,914	 $21,068	 $54,200	 $53,216	 $46,361	 $43,216	 $23,623	 $62,625	 $44,008	
(C)	Net	Revenue	(all	materials	reused)x	
$2.90/lb	 $10,769	 $65,846	 $8,244	 $44,119	 $28,961	 $39,068	 $22,517	 $24,414	 $35,025	 $37,550	
$4.50/lb	 $24,987	 $110,451	 $21,068	 $76,737	 $53,216	 $68,898	 $43,216	 $46,160	 $62,625	 $66,545	
(D) Net	Revenue	(after	plastic	and	bungee	replacement)w	
$2.90/lb	 $10,769	 $62,012	 $8,244	 $40,285	 $28,961	 $35,234	 $22,517	 $20,580	 $35,025	 $33,716	
$4.50/lb	 $24,987	 $106,617	 $21,068	 $72,903	 $53,216	 $65,064	 $43,216	 $42,326	 $62,625	 $62,711	
zMarket	price	reported	to	the	USDA	(2016)	was	$2.90/lb,	but	retail	prices	are	typically	≈$4.50/lb	(≈$7/quart).	
yPlasticulture	installation	and	crop	labor	expenses	estimated	to	be	$15,000	per	acre	and	have	been	deducted.	
xPlasticulture	installation	and	crop	labor	costs	deducted.	Assumes	the	reuse	of	plastic	and	bungee	elastics,	which	are	estimated	
to	have	a	5-	to	7-year	life	by	Dubois.	
wPlasticulture	installation	and	crop	labor	costs	deduced,	as	well	as	new	plastic	film	and	bungee	elastics.	Assumes	low	tunnels	
have	been	purchased.		
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CONCLUSION	
	
The	objectives	of	our	experiments	were	to	evaluate	day-neutral	strawberry	cultivars	for	
New	England	and	better	understand	the	effects	of	low	tunnels	on	yield	and	fruit	quality.	We	
showed	that	day-neutral	cultivars	produced	fruit	for	approximately	20	weeks	in	the	year	of	
planting	and	provided	moderate	to	high	yields	for	the	region.	In	combination	with	existing	
cultivation	of	short-day	cultivars,	day-neutrals	offer	the	ability	to	extend	regional	strawberry	
production	from	one	to	six	months	in	the	northeastern	U.S.	Whether	supplying	a	CSA,	farmers	
market,	or	wholesale	markets,	day-neutrals	are	an	additional	fruit	crop	growers	can	offer	
during	the	summer	and	fall	months.	Furthermore,	larger	scale	operations	could	potentially	
supply	grocery	stores	with	a	significant	portion	of	strawberries	during	this	period,	reducing	the	
need	to	import	from	elsewhere	in	the	country.		
Black	and	white	plastic	mulch	both	appear	suitable	for	the	day-neutral	cultivar	‘Albion’,	
though	in	open	bed	production	(no	low	tunnel),	our	results	suggest	runner	emergence	may	be	
significantly	reduced	on	white	mulch	compared	with	black	mulch.		
We	show	that	while	low	tunnels	did	not	increase	total	marketable	yields	in	either	of	our	
experiments,	they	substantially	reduced	unmarketable	yield,	and	increased	the	percent	
marketable	yield	from	roughly	70%	to	80-85%,	depending	on	cultivar.	Additionally,	our	results	
illustrate	several	instances	when	low	tunnels	were	effective	in	protecting	fruit	marketability	
during	rain	and	did	increase	actual	marketable	yields,	notably	during	the	late	fall	period.	Had	
we	experienced	more	frequent	or	severe	rainfall	throughout	the	growing	season,	we	believe	
total	marketable	yields	may	have	been	greater	under	low	tunnels	as	has	been	reported	by	in	
other	studies.	In	one	of	two	years,	low	tunnels	also	significantly	reduced	runner	emergence	for	
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‘Albion’	grown	on	black	plastic.	We	suggest	that	low	tunnels	may	be	a	useful	tool	for	producers	
who	wish	to	reduce	labor	associated	with	cull	fruit	removal,	ensure	a	consistent	supply	of	
marketable	fruit,	and	push	production	as	late	in	the	fall	as	possible.	From	our	observations,	we	
conclude	that	low	tunnels	are	a	form	of	crop	insurance,	not	necessarily	a	silver	bullet	for	
increasing	yields.	
The	six	different	day-neutral	cultivars	evaluated	in	our	experiment	differed	from	one	
another	in	many	ways.	Therefore,	we	suggest	it	is	wise	for	commercial	growers	to	evaluate	
several	cultivars	on	their	farms.	We	feel	confident	in	recommending	‘Albion’,	as	it	produced	the	
greatest	marketable	yields,	low	unmarketable	yields,	large	fruit,	a	high	percent	marketable	
yield,	and	few	runners.	‘Monterey’	is	similar	to	‘Albion’,	but	produced	greater	unmarketable	
yields	and	increased	numbers	of	runners.	‘Aromas’	produced	moderate	to	high-yields,	large	
fruit,	and	may	be	especially	well-suited	for	late-season	production.	However,	because	this	
cultivar	has	not	been	widely	adopted	elsewhere	in	the	US,	plant	availability	may	be	limited.	
Additionally,	labor	costs	associated	with	the	removal	of	runners	may	be	high	for	‘Aromas’.	‘San	
Andreas’	produces	large	fruit,	moderate	marketable	yields,	and	low	unmarketable	yields.	
‘Seascape’	may	be	a	promising	cultivar	for	early	season	day-neutral	production	in	the	region,	
but	very	high	unmarketable	yields	and	small	fruit	is	a	drawback	to	the	cultivar.	Lastly,	since	
‘Portola’	did	not	establish	well	at	our	location,	we	currently	could	not	recommend	it	for	
cultivation	in	the	Northeast,	but	since	it	produced	very	high	yields	in	other	locations,	addition	
evaluation	is	needed.	
Identifying	new	high	value	crops	with	the	potential	to	support	agriculture	in	New	
England	can	be	difficult,	but	strawberry	is	unique	in	that	it	is	already	a	well-established	crop	in	
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the	region.	The	widespread	familiarity	and	know-how	associated	with	strawberry	may	suggest	
growers	would	be	more	willing	adopt	day-neutral	cultivars	than	other	novel	crops	they	have	no	
experience	with.	Our	findings	suggest	that	per	acre	yields	of	day-neutrals	will	meet	or	exceed	
annual	yields	of	short-day	cultivars,	and	we	project	that	in	a	well-managed	system,	commercial	
producers	in	New	England	could	generate	≈$20,000	to	$60,000	per	acre	in	profit	(depending	on	
price	and	plant	density).		
In	addition	to	competitive	per	acre	yields	and	the	high	value	associated	with	day-
neutrals,	we	believe	regional	producers	are	currently	missing	out	on	the	monetary	advantages	
associated	with	meeting	strong	consumer	demand	for	fresh	strawberries	outside	of	the	June-
bearing	season.	Adoption	of	day-neutral	cultivars	would	allow	growers	to	extend	the	regional	
strawberry	season	to	nearly	26	weeks	each	year	(short-day	+	day-neutral),	putting	local	
producers	in	the	position	of	supplying	a	greater	portion	regionally	consumed	strawberries	and	
financially	benefit	from	the	crop.	It	is	also	possible	that	the	addition	of	off-season	strawberries	
in	farm	stands,	CSA	offerings,	or	farmers	markets,	may	be	a	draw	for	consumers.	Thus,	we	
believe	that	day-neutral	strawberry	cultivars	offer	potential	for	supporting	local	agriculture.	
There	are	many	opportunities	for	continued	research	with	day-neutral	cultivars	in	the	
Northeast,	especially	when	it	comes	to	assessing	winter	hardiness	and	over-wintering	methods,	
plug	production,	and	alternate	methods	of	runner	management.	Additionally,	it	has	been	
reported	that	some	cultivars	produce	greater	yields	in	the	spring	of	the	second	year	of	
production	than	in	the	year	of	planting	(Lewers	et	al.,	2017).	Therefore,	cultivar	yield	and	low	
tunnel	management	during	this	period	needs	to	be	investigated.	
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